Background. Sofosbuvir-containing regimens have been approved for treatment of hepatitis C virus (HCV) infection in human immunodeficiency virus (HIV)-infected patients. We assessed the effect of treatment with sofosbuvir and ribavirin on patient-reported outcomes (PROs) in individuals with HIV/HCV coinfection.
high. In particular, among HIV-infected individuals with a history of injection drug use, the rate of coinfection with HCV is reported to be as high as 72%-95% [5] [6] [7] [8] [9] . Recently, an increase in the incidence of HCV infection has also been reported in HIV-infected men who have sex with men [10] [11] [12] .
In addition to the high prevalence of HCV infection in HIVinfected patients, consequences of chronic hepatitis C in these patients can be more severe. Early studies of HCV-infected patients with hemophilia suggested an increase in HCV load after coinfection with HIV [13] . Other studies have reported higher rates of cirrhosis, decompensated liver disease, and hepatocellular carcinoma in HIV/HCV-coinfected patients, compared with HCV-monoinfected patients [14] [15] [16] [17] .
With the widespread use of antiretroviral therapy, HIV infection is now viewed by many as a chronic disease, with significant improvements in AIDS-related mortality [18, 19] . On the other hand, liver-related mortality is now the most common cause of death in HIV/HCV-coinfected individuals [20] and remains a major cause of death for all HIV-infected patients [21, 22] . Given the importance of the clinical burden of HCV infection in HIV-infected individuals, treatment of HCV infection in HIV/HCV-coinfected patients is a priority.
The initial standard treatment for HCV infection, pegylated interferon alfa and ribavirin, was plagued with low efficacy and high rates of side effects [23, 24] . Furthermore, a high prevalence of comorbidities in HIV/HCV-coinfected individuals further limited the number of patients treated with interferon-based regimens [25] . Although the development of direct-acting antiviral agents with the first-generation protease inhibitors improved sustained virologic response (SVR) rates [26] [27] [28] , the complexity of the regimen, its substantial side effects, and its drug-interaction profile limited the usefulness of those directacting antiviral agents in clinical practice [29, 30] . In 2013, the approval of sofosbuvir (NS5B nucleotide polymerase inhibitor) brought a new treatment option with high efficacy and a significantly improved safety profile to coinfected patients. In fact, the oral regimen with sofosbuvir and ribavirin (sofosbuvir/RBV) for 24 weeks is now a preferred regimen for HIV/HCV-coinfected patients without cirrhosis [31, 32] .
Currently available interferon-free regimens are more efficacious and safer than previous regimens for patients with chronic hepatitis C, and they have also improved PROs, such as healthrelated quality of life (HRQL), fatigue, and work productivity [33, 34] . At present, it is unclear whether these PRO improvments can also be seen in HIV/HCV-coinfected patients. Nevertheless, it is reasonable to expect that patients with HIV/HCV coinfection have more-impaired PROs at baseline, owing to both the aggressive course of HCV infection in HIV-infected patients [13] [14] [15] [16] [17] and the influence of HIV infection itself [35, 36] .
Therefore, the aims of this study were, first, to assess PROs in patients with HIV/HCV coinfection before the initiaion of treatment and, second, to assess changes in the PROs during treatment with sofosbuvir/RBV and after acheiving SVR. We also aimed to assess independent predictors of each PRO before, during, and after treatment. We compared baseline PRO scores and changes in PRO scores between HIV/HCV-coinfected and HCV-monoinfected patients.
METHODS

Study Cohort
The HIV/HCV-coinfected study population was pooled from the PHOTON-1 and PHOTON-2 phase 3 clinical trials, which investigated the safety and efficacy of sofosbuvir 400 mg once daily plus weight-based ribavirin (1000 or 1200 mg/day) in HIV/HCV-coinfected patients. Patients were naive to anti-HCV treatment or treatment-experienced, and all HCV genotypes were represented [31, 37] . In those trials, PROs were collected as secondary end points. Patients were required to be receiving antiretroviral therapy and to have an HIV RNA load of ≤50 copies/mL and a CD4 + T-cell counts of >200 cells/µL or were required to have untreated HIV infection and a CD4 + T-cell count of >500 cells/µL.
HCV-monoinfected controls were identified from 2 registered trials, FUSION and VALENCE, which investigated the same sofosbuvir/RBV regimen administered for 12, 16, or 24 weeks [33, 34, 38] . Cases (HIV/HCV-coinfected patients) and controls (HCV-monoinfected patients, defined as all FUSION and VALENCE participants who completed PRO questionnaires) were matched by a propensity score that included treatment history, age, sex, body mass index, cirrhosis, baseline HCV RNA load, history of anxiety, depression, insomnia, clinically overt fatigue, and type 2 diabetes.
Study Definitions
Baseline history of depression, anxiety, clinically overt fatigue, sleep disorders, and type 2 diabetes or hyperglycemia were extracted from medical history collected at screening. The presence of hepatic cirrhosis was evaluated by liver biopsy, Fibroscan, or Fibrotest in combination with the aspartate transaminase to platelet ratio, as originally described by Sulkowski et al [31] . At day 1 of treatment (baseline), HCV RNA load, hemoglobin level, alanine transaminase level, and CD4 + T-cell count were measured for all study participants. Adverse events evaluated in this study (identified by the investigators as being related to the study) were grouped into blood and lymphatic system disorders, gastrointestinal disorders, musculoskeletal and connective tissue disorders, nervous system disorders, psychiatric disorders, skin and subcutaneous tissue disorders, fatigue-related disorders, influenza-like symptom disorders, and all other disorders.
PROs and Health Utility
Data on PROs and health utility were collected and assessed using 4 PRO instruments: the Short-Form 36 (SF-36) questionnaire, the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) questionnaire, the Chronic Liver Disease Questionnaire-Hepatitis C Virus (CLDQ-HCV) instrument, and the Work Productivity and Activity-Specific Health Problem (WPAI:SHP) instrument. These PRO instruments were administered to patients at baseline (day 1), during treatment (weeks 4, 12, and 24, where applicable), and at follow-up (weeks 4 and 12 after treatment cessation). The validity of the SF-36 and FACIT-F questionnaires has been previously assessed in patients with HIV infection [39] [40] [41] .
The SF-36 questionnaire is a generic instrument that is widely used for assessment of HRQL [42] . It uses 8 individual scales: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health, as well as 2 summary scores, the physical component summary score and the mental component summary score. The FACIT-F questionnaire is a fatigue-specific PRO instrument [43] . It assesses 5 individual scales: physical well-being, emotional well-being, social well-being, functional well-being, and fatigue. The CLDQ-HCV instrument is a disease-specific PRO instrument that assesses the HRQL of patients with chronic hepatitis C [44] . It assesses 4 individual domains: activity and energy, emotional, worry, and systemic. The WPAI:SHP instrument assesses impairment in daily activities and work associated with a specific health problem. It includes the work productivity impairment domain Abbreviations: ALT, alanine transaminase; ART, antiretroviral therapy; HCV, hepatitis C virus; IU, international units; RBV, ribavirin; SD, standard deviation; SVR12, sustained virologic response for 12 weeks after the end of treatment; ULN, upper limit of normal. a Body mass index (BMI) is defined as the weight in kilograms divided by the height in meters squared.
and the activity impairment domain [45] . Health utility scores were assessed using the SF-6D metric derived from the SF-36 instrument by a nonparametric Bayesian model [46] .
Statistical Analysis
Clinico-demographic parameters and PROs were described as frequencies (percentages) or mean values ± standard deviation in the study arms separately. The Wilcoxon nonparametric test and the χ 2 test for heterogeneity were used for pairwise comparisons. We also calculated the changes in PROs and utility scores from baseline to all time points and tested those changes for statistical significance by using the Wilcoxon signed rank test for matched pairs. For the case-control analysis of HIV/HCV coinfection versus HCV monoinfection, a bipartite matching algorithm with the reverse-squared Euclidean distance for propensity score was used. Only cases and controls with propensity scores differing by ≤0.05 were included in the case-control analysis.
Independent predictors of PRO and health utility scores at baseline, during treatment, and after treatment were assessed in a series of multiple linear regressions with stepwise selection of predictors (P = .2 for entering the model, and P = .05 for staying in the model). A complete list of potential PRO and health utility predictors to be evaluated is as follows: age; sex; ethnicity (white vs other races/ethnicities); location (United States vs other locations); baseline body mass index; baseline hemoglobin level; treatment-emergent adverse events; history of prior anti-HCV treatment (treatment naive vs treatment experienced); pretreatment history of anxiety, depression, insomnia, clinically overt fatigue, and type 2 diabetes (all derived from medical history collected at screening); baseline HCV load (<10 6 vs >10 6 copies/mL); baseline alanine transaminase level (<1.5 vs >1.5 times the upper limit of normal); duration of treatment in weeks; and achievement of SVR (at the last day of treatment and at follow-up visits only). In the case-control multivariate analysis, the presence of HIV infection was also included as one of the PRO/health utility predictors. All analyses were performed in SAS 9.3 (SAS Institute, Cary, North Carolina). The study was separately approved by each site's institutional review board.
RESULTS
Baseline Clinical Presentation and PROs in PHOTON-1 and PHOTON-2
In PHOTON-1 and PHOTON-2, 497 HIV/HCV-coinfected patients were enrolled. Overall, 81% of patients were treatment naive, the mean age (±SD) was 48.2 ± 8.1 years, 82% were male, and 15.3% were cirrhotic. Ninety-six percent were receiving antiretroviral therapy, and 51% reported being employed as of the first day of treatment (Table 1) .
Since PHOTON-1 was primarily conducted in the United States and PHOTON-2 was primarily conducted in Europe, some demographic and baseline clinical parameters were different between the cohorts (Table 1 ). In particular, participants in PHOTON-1 were older and less likely to be white and had a higher body mass index and a lower prevalence of cirrhosis. Furthermore, the rates of all studied comorbidities, such as depression, anxiety, insomnia, fatigue, and diabetes, were substantially higher in PHOTON-1 (Table 1) . Owing to differences in study protocols, the proportion of patients treated for 24 weeks rather than 12 weeks was higher in PHOTON-2 (93.1% vs 69.5%).
Similar to previous reports [38] , scores for the general health and mental health components of the SF-36 questionnaire, together with the social well-being domain of the FACIT-F questionnaire, were lower in PHOTON-2 patients, compared with PHOTON-1 patients, while the bodily pain scale on the SF-36 questionnaire was higher (P < .05). Scores for other baseline PROs were similar between the PHOTON-1 and PHOTON-2 cohorts (Table 2) .
PROs During Sofosbuvir/RBV Treatment
After initiation of treatment with sofosbuvir/RBV, moderate decrements in some PROs were observed as early as treatment week 4. In particular, significant decrements by this time were found in the fatigue scale and total score on the FACIT-F questionnaire and the work productivity and activity impairment domains of the WPAI:SHP instrument (P < .05; Supplementary Table 1) .
By the end of treatment, decrements in these PROs became more substantial (all P < .05), and the decrement in the mental component summary of the SF-36 questionnaire and a number of individual scales (the physical functioning, role physical, vitality, social functioning, role emotional, and mental health scales of the SF-36 questionnaire; the physical well-being and functional wellbeing domains of the FACIT-F questionnaire; and the activity and energy domain, emotional domain, and systemic domain of the CLDQ-HCV instrument, including both presenteeism and absenteeism of work productivity) also became statistically significant (Supplementary Table 1 and Figure 1A) . The only PRO scores that improved in patients by the end of treatment with sofosbuvir/RBV were the emotional well-being domain of the FACIT-F questionnaire and the worry domain of the CLDQ-HCV instrument (both P < .05; Figure 1A ).
Despite this, by week 4 after treatment, all PRO scores returned to their baseline levels, while all domains of the CLDQ-HC instrument significantly improved (change, up to +6.7% on a 0%-100% normalized PRO scale; all P < .05; Supplementary Table 1) .
Between the 2 study cohorts, no difference in treatmentemergent PRO changes was observed throughout treatment (all P > .05). However, by week 4 after treatment, improvements in CLDQ-HCV and SF-6D scores, compared with baseline values, were statistically significant only in PHOTON-1 (Supplementary Table 1 ).
PROs After Achieving SVR for 12 Weeks After Treatment Cessation (SVR12) in Patients With HIV/HCV Coinfection
Of the entire cohort, 413 patients (83%) achieved SVR (Table 1) . In patients with SVR12, most PRO scores improved from baseline levels (Supplementary Table 1 and Figure 1B ). The greatest improvement was observed in the worry domain of the CLDQ-HCV instrument (change, +7.6% on a 0%-100% normalized PRO scale; P < .0001). Also, similar to findings from week 4 after the end of treatment, post-SVR12 improvements in the overall CLDQ-HCV score, the SF-6D score, and the bodily pain scale of the SF-36 questionnaire were greater in PHOTON-1 patients, compared with PHOTON-2 patients, while post-SVR changes in other PRO scores were similar between the 2 study cohorts (Supplementary Table 1) . Among HIV/HCV-coinfected patients who did not achieve SVR and completed PRO questionnaires at follow-up week 12 (n = 23), no improvement was observed in any PRO score. Furthermore, residual decrement from baseline in the general health scale of the SF-36 questionnaire (change, −5.7; P = .0259, compared with patients with SVR) and the physical well-being (−1.7; P = .0047) and fatigue (−2.5; P = .0199) scales of the FACIT-F questionnaire was observed in those patients.
PRO Scores in HIV/HCV-Coinfected Patients Versus Those in HCV-Monoinfected Patients
To compare HIV/HCV coinfection with HCV monoinfection, we matched HIV/HCV-coinfected patients to HCV-monoinfected controls from the FUSION and VALENCE trials [33, 34, 38] . Of PHOTON-1 and PHOTON-2 participants, 211 had matched monoinfected controls.
A number of baseline PRO scores were lower in the HIV/HCVcoinfected group, including the physical functioning, role physical, general health, social functioning, role emotional, and physical component summary scales of the SF-36 questionnaire; the physical well-being, social well-being, and functional well-being domains of the FACIT-F questionnaire; the systemic domain of the CLDQ-HCV instrument; and the SF-6D instrument (Table 3) . In multivariate analysis, HIV infection was also independently associated with a lower baseline physical component summary scale (β = −2.65; P = .0013), after adjustment for sex, treatment history, pretreatment depression, fatigue, and insomnia. Throughout treatment, some of the PRO scores remained lower in patients with HIV infection (Figure 3) . Furthermore, similar to baseline findings, the absolute values of most PRO scores remained lower in HIV/HCV-coinfected patients than in HCV-monoinfected patients, even after achieving SVR. Despite this, all treatment-emergent decrements and post-SVR12 improvements in PRO scores were similar between patients with HIV/HCV coinfection and those with HCV monoinfection (all P < .05; Table 4 ).
During and after treatment, HIV infection was independently associated with lower physical component summary scale, fatigue scale, and total scores on the FACIT-F questionnaire and CLDQ-HCV instrument at different time points after adjustment for clinico-demographic confounders (β, up to −7.0%; P = .0088). However, no association between HIV infection and treatment-emergent and posttreatment changes in PRO scores was found (all P > .05).
PRO Scores and Cirrhosis in HIV/HCV-Coinfected Patients
There were 76 HIV/HCV-coinfected patients (15.3%) with cirrhosis enrolled in PHOTON-1 and PHOTON-2. At baseline, most of the PRO scores were lower in patients with cirrhosis, including the physical functioning, role physical, general health, social functioning, role emotional, and physical component summary scales of the SF-36 questionnaire; the physical wellbeing, emotional well-being, and fatigue scales and total score of the FACIT-F questionnaire score; the activity and energy, worry, and systemic domains and total score of the CLDQ-HCV instrument; and the work productivity, presenteeism, and activity domains of the WPAI:SHP instrument (change, up to 11.9%; all P < .05), compared with patients without cirrhosis (data not shown). Throughout treatment and after achieving SVR, some of the PRO scores remained lower in patients with cirrhosis. Despite this, all treatment-emergent and post-SVR12 changes in PRO scores ( Figure 2) were similar Table 4 continued. between cirrhotic and noncirrhotic patients (all P > .05), except for the general health scale of the SF-36 questionnaire, which improved more in cirrhotic patients (change, +11.3%), compared with noncirrhotic patients (change, +1.9%; P = .0002).
In multivariate analysis, cirrhosis during HIV/HCV coinfection was independently associated with lower PRO scores, including the physical component summary scale, fatigue scale, CLDQ-HCV instrument, and activity impairment domain (β, up to −12.9%; P < .0001; Supplementary Table 2) . However, no association between cirrhosis and treatment-emergent or post-SVR changes in PROs was found (all P > .05).
PROs and Treatment Duration in HIV/HCV Coinfection
In PHOTON-1 and PHOTON-2, 87 patients were treated for 12 weeks, whereas 410 received sofosbuvir/RBV for 24 weeks. When end-of-treatment PRO scores were compared between patients who had received the 12-week regiment and those who had received the 24-week regimen, no difference was found for any summary or individual PRO scale (all P > .05).
Independent Predictors of PROs in HIV/HCV-Coinfected Patients
In multivariate analysis (Supplementary Table 2 ), consistent predictors of PRO scores at different time points were baseline depression (β, up to −14.5%), anxiety (up to −10.2%), fatigue (up to −15.4%), insomnia (up to −7.3%), cirrhosis (up to −12.9%), male sex (up to +15.1%), and being enrolled in the United States (up to +14.4%). Being treatment naive and younger were associated with a higher physical component summary (changes, up to +8.5% and −0.53% per year, respectively).
Achieving SVR12 was associated with lower work productivity impairment at posttreatment week 4 (β, −0.18) and with lower absenteeism (β, −0.13; both P < .05). In addition to these, experiencing adverse events was associated with lower PRO scores at different time points, including treatment-emergent fatigue (β, up to −12.5%), gastrointestinal disorders (up to −10.7%), musculoskeletal disorders (up to −11.3%), nervous disorders (up to −12.4%), psychiatric disorders (up to −7.7%), and skin disorders (up to −20.8%; all P < .05; Supplementary Table 2 ). Finally, treatment duration was not associated with any end-of-treatment PRO score (all P > .05).
DISCUSSION
This is the first in-depth evaluation of patient experience based on the assessment of PROs in HIV/HCV-coinfected individuals with 4 validated PRO instruments before, during, and after treatment with any interferon-free anti-HCV regimen.
Our data show that patients with HIV/HCV coinfection have greater impairment in PROs before the initiation of treatment than matched controls with HCV infection alone. These results contrast with those of a prior study that reported no difference in HRQL between HCV/HIV-coinfected patients and HCVmonoinfected patients [47] . Although the exact reasons are unknown, we suspect that differences in the patient populations that were included in these 2 studies ( patients from tertiary care centers vs clinical trial subjects) can explain the difference.
Our data also show that, despite some baseline impairment, HIV/HCV-coinfected patients tolerate sofosbuvir/RBV quite well, with high SVR12 rates and substantial gains in PRO scores. The minimal PRO score decrements seen during the treatment regimen are similar to those reported for HCV-monoinfected patients [33, 34, 38] . In fact, these minimal decrements in PRO scores during treatment have previously been shown to be associated with RBV-related side effects [48] .
Another very important finding of our study is the significant improvement of some PRO scores in patients HIV/HCV coinfection who achieved SVR12. These improvements were seen in a number of PROs and are also similar to improvements seen for patients with HCV monoinfection [33, 34, 38] . Furthermore, these benefits were seen in individuals with HIV/HCV infection who had severe liver disease, as documented by the presence of cirrhosis, despite the fact that, similar to previous reports [49] , patients with cirrhosis had more impairment in PRO scores at baseline. In fact, improvement in the general health scale of the SF-36 questionnaire was more substantial in cirrhotic patients than in noncirrhotic patients who achieved SVR12. Given the increasing incidence of cirrhosis in HIV/HCV-coinfected patients, the improvement in PRO scores in cirrhotic patients with HIV/ HCV could have important implications.
Finally, our multivariate analysis indicated that, similar to HCV-monoinfected patients [33, 34, 38, 48, 49] , depression, fatigue, and RBV-associated side effects were independent predictors of PRO scores in patients with HIV/HCV coinfection.
In summary, our data indicate that HIV/HCV-coinfected patients tolerated treatment with sofosbuvir/RBV quite well and to an extent similar to that for monoinfected patients. In fact, PRO scores improved in HIV/HCV-coinfected patients receiving the interferon-free regimen who achieved SVR. Furthermore, these improvements in PRO scores were similar to those for patients with HCV monoinfection, despite the lower baseline scores for these patients. Our data support the fact that these patients benefit from not only achieving a high SVR rate, along with its beneficial clinical implication, but also from experiencing significant improvement in PROs, along with its beneficial patient experience implication. The combination of both clinical and PRO benefits should lead to the prioritization of treatment for HIV/HCV-coinfected patients, given their more aggressive liver disease progression, even in the highly active antiretroviral therapy era. We believe that treatment of HIV/HCV-coinfected patients with these highly effective and safe treatment regimens is certainly good for patients and cost-effective from a societal perspective.
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